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in the presence of DCX, 13-protofilament MTs are prefer-Thirteen Is the Lucky Number
entially formed. Therefore, although the number of protofil-for Doublecortin aments in vivo is probably defined during MT nucleation,
it is possible that DCX assists in maintaining the correct
structure of neuronal MTs. DCX might be doing this in
two ways: by interacting with the growing MTs and by
preferential binding and stabilization of the preexisting
MTs. In principle, these two ways might be the sameDoublecortin is a microtubule-associated protein that
thing: it has been shown that the number of protofila-is essential for normal brain development. A recent
ments can change rapidly within the preexisting MTreport published in Molecular Cell shows that dou-
(Diaz et al., 1998). It would be interesting to checkblecortin associates preferentially with microtubules
whether DCX, added to taxol-stabilized MTs, couldmade of 13 protofilaments, by recognizing a novel site
change the ratio between 12- and 13-protofilamentbetween the protofilaments. These findings explain
how doublecortin stabilizes microtubules and provide structures, by forcing a pre-polymerized MT to add one
clues about its function during neuronal migration. extra protofilament to its lattice.
Many MAPs stabilize MTs, and several neuronal MAPs
were shown to promote the formation of 13-protofila-
Microtubules (MTs) are hollow cylinders formed by later- ment MTs in vitro (Bohm et al., 1990). Thus one might
ally associated protofilaments—rows of- and-tubulin ask whether the ability of DCX to interact with MTs
dimers. MTs made in vitro of pure tubulin and stabilized in vitro is of any importance in vivo. The answer is clearly
by taxol are mostly 12 protofilament, while normal cellu- yes, because the mutations in the MT binding domain of
lar MTs are mostly 13 protofilament. A variety of MT- DCX are associated with lissencephaly (“smooth brain,”
associated proteins (MAPs) and motors are known to lack of normal gyri in the cerebral cortex). This genetic
regulate MT polymerization in vivo and in vitro. A recent syndrome, manifested by severe mental retardation and
paper by Moores et al. (2004) focuses on doublecortin
epilepsy, is caused by defects in neuronal migration
(DCX), a vertebrate MAP, expressed in migrating neu-
(Gleeson, 2000). During normal development, neurons
rons. This study shows that at least in vitro, DCX can
born in the ventricular zone of the brain move outsideselectively bind to and stabilize MTs consisting of 13
to form ordered layers of the cerebral cortex. This move-protofilaments. To explain the preference of DCX for
ment is impaired in patients with mutations in the Xthis particular MT architecture, the authors used cryo-
chromosome-encoded DCX gene, resulting in lis-electron microscopy to determine the binding site of
sencephaly in hemizygous males and a milder disorder,DCX on the MTs. The globular MT binding domain of
double cortex (accumulation of abnormally localizedDCX fits into the “valley” formed by two adjacent proto-
neurons underneath the cortex), in heterozygous fe-filaments. For purely geometrical reasons, the size of
males.this valley depends on the number of protofilaments
How does DCX participate in neuronal motility? Re-(with more protofilaments, the valley becomes more nar-
cent time-lapse imaging studies have shown that migrat-row). This accounts for the exquisite sensitivity of DCX
ing neurons undergo complex morphological changes,for the MT geometry: the change in the number MT
including both bipolar and multipolar shapes (LoTurco,protofilaments is expected to alter the shape and size
2004, and references therein). RNA interference-medi-of the DCX binding site. This site is ideally positioned
ated depletion of DCX in rat embryos resulted in abnor-for MT stabilization: by inserting itself in a fenestration
mal accumulation of neurons in the intermediate zone—of the MT lattice, DCX can strengthen both lateral and
the future white matter (LoTurco, 2004, and referenceslongitudinal interactions between tubulin dimers.
Moores et al. show that when tubulin is polymerized therein). Interestingly, these neurons had multipolar
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morphology, suggesting a failure in sustaining (or re- high concentrations (Seitz et al., 2002, and references
gaining) capacity for polarized movement. Neurite re- therein). Tau and related MAPs are “natively unfolded”
modeling, similar to the movement of growth cones of proteins, which appear to be randomly distributed over
developing axons, depends critically on the regulation the MT surface, by binding both along and across the
of MT dynamics. Since DCX accumulates specifically in protofilaments (Santarella et al., 2004). It is tempting to
neuronal distal processes, it is a good candidate for speculate that DCX, which binds to a site between the
being an essential regulator of MT dynamics. Intrigu- protofilaments, might actually facilitate the contact be-
ingly, there are data showing that not only reduction but tween the motors (such as dynein) and MTs, enhancing
also enhancement of MT affinity of DCX can cause the the transport efficiency. Such a possibility can be rela-
disease (Shmueli et al., 2001). DCX has been identified tively easily tested in vitro and in cultured cells. Elucida-
as a target of several kinase systems, and it was shown tion of the molecular mechanisms of DCX activity during
that a balance of kinase and phosphatase activities con- neuronal migration will bring us one step closer to under-
trols its association with MTs. It seems likely that the standing how one of the most complex biological struc-
MT stabilizing activity of DCX is stringently regulated, tures—the mammalian brain—is formed.
and could serve as a convergence point for different
signaling pathways (LoTurco, 2004).
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Proteins destined for the Golgi exit the ER at specialized
ER exit sites (ERES) defined by the presence of COPII
A debate continues over whether the Golgi is a stable coats. The close apposition of ERES to the cis-face of
organelle or a transient manifestation of continuous the Golgi stack led to the “cisternal maturation” model
membrane flow from specialized ER exit domains for Golgi biogenesis, in which new cis-cisterna form
(ERES). A new study from daSilva and colleagues from membranes derived from the adjacent ERES. The
shows that in plant cells, individual Golgi always form cisterna matures as it moves in the trans-direction
adjacent to an existing ERES, and that an ERES and through the stack, by recycling components in the cis-
direction. An alternative “vesicular” model proposes thatits associated Golgi stack move as a single secretory
